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Objectives: Routine patch angioplasty has been advocated following carotid endarterectomy but patching can be associated 
with complications. This study assesses the effect of a selective patching policy based on distal internal carotid diameter on 
the rate of restenosis and outcome following carotid endarterectomy. 
Design, materfal and methods: A consecutive series of 213 patients underwent carotid endarterectomy performed by one 
surgeon. Preoperative carotid dimensions were measured intraoperatively using calipers. Following endarterectomy a 5mm 
Dacron patch was selectively employed if the distal internal carotid was 5mm or less (group 1, 95 patients) or 6mm or tess 
(group 2, 118 patients). Patients underwent colour-coded Duplex scanning at 24 h, 1 week, 3, 6, 9, and 12 months, and 
yearly following this. 
Results: Overall 27 restenoses (5 residual) of 50% or greater and two occlusions developed. Patching was performed in 
47% of group 1 and 61% of group 2 arteries. In group 1 14% of patched compared with 24% of non-patched arteries 
developed restenosis at 24 months (p = 0.4). In group 2 13 % of patched compared to 11% of non-patched arteries developed 
restenosis at 12 months (p > 0.5). Stroke rate at 24 months were similar for patched and non-patched patients in groups 
1 (p>0.5) and2 (p=0.4). 
Conclusions" This study suggests that patch angioplasty of larger carotid arteries may be unnecessary. Randomisation of
larger arteries between patch and primary closure would be required to confirm this. 
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Introduction 
The use of patch angioplasty following carotid endar- 
terectomy is controversial. Some publications have 
supported routine patch angioplasty while others 
have failed to find any benefit from this technique and 
highlight the complications associated with patch- 
ing. L2 Thus in many series patch angioplasty has been 
used randomly without any clear reason given for the 
choice of patients to receive a patch. 3'4 
Eikelboom et al. 5 randomised patients between 
patch angioplasty and primary closure, and found 
restenosis was significantly less common in the patch 
angioplasty group. However even when routine 
patching is used restenosis till develops in 5-15% of 
patients, depending on the length of follow-up, 
definition of restenosis and population studied. 6'7 It is 
possible that restenosis is related more to carotid 
dimensions than to the presence of a patch. 8 Also 
patch angioplasty can be associated with complica- 
tions, such as patch rupture and catastrophic haemor- 
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rhage. 5Thus patching does not benefit all patients and 
may be better employed selectively. 
Previous studies of selective patching have tended 
to select patients for patching on the dimension of 
their internal carotid artery. 2'9 Often though this has 
been rather haphazard with no clear size of vessel 
given to define which patients are to receive patch 
angioplasty. 2 
This study was designed to investigate the effect of 
selective patch repair of small carotid arteries with 
clear size criteria set for which patients hould receive 
patch angioplasty. Between February 1988 and Octo- 
ber 1992 Dacron patch repair was employed when the 
diameter of the distal internal carotid artery was less 
than 5ram. Initial analysis of the results of this 
approach showed that restenosis tended to occur more 
commonly in non-patched patients. ~° Since October 
1992 patients with distal internal carotid diameters 
less than 6mm have received patch angioplasty, 
thereby increasing the number receiving a patch by 
also patching 5-6mm vessels. This report presents the 
results of the selective use of Dacron patch repair 
following carotid endarterectomy for small carotid 
arteries. 
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Patients and methods 
A total of 539 patients with symptomatic arotid 
artery disease associated with 60-99% internal carotid 
stenosis have undergone carotid endarterectomy since 
1977. This report describes the results for the 213 
patients receiving selective patching. Patients were 
assessed by a consultant neurologist and consultant 
vascular surgeon (RMG) having been investigated by 
colour-coded Duplex imaging, computer tomography 
and arch flush angiogram. Detailed Duplex assess- 
ment included measurement of carotid artery 
dimensions. 
All endarterectomies were performed by the senior 
author. The details of the surgical technique have 
previously been described, s°The external diameters of 
the common carotid, carotid bulb and distal internal 
carotid arteries were measured with calipers. Selective 
shunting was employed when the stump pressure was 
less than 50mm of mercury or the wave form was flat. 
Selective patching with a 5mm knitted Dacron patch 
was performed depending on the caliper measured 
dimensions of the distal internal carotid artery. 
Between February 1988 and October 1992 patching 
was performed for internal carotid arteries less than 
5mm (Group 1), and from October 1992 to June 1995 
for internal carotid arteries less than 6mm (Group 2). 
Continuous wave Doppler was used intraoperatively 
to check post-repair flow. After closure of the arter- 
iotomy caliper measurements of the maximum exter- 
nal diameters was performed again. The wound was 
closed with subcuticular prolene and a clear plastic 
dressing placed to allow early Duplex gssessment. 
Extensive Duplex surveillance was pe~Drmed in the 
postoperative period. If any neurological symptoms 
developed uring the first 24 h, an urgent Duplex was 
undertaken and operative intervention planned on the 
basis of thisJ 1 Otherwise the patient was routinely 
scanned at 1 da N 1 week, 3, 6, 9 and 12 months and 
then each year. 12 The dimensions of the carotid 
arteries were assessed at the 1 week Duplex scan and 
common carotid, internal carotid bulb and distal 
internal carotid lumen and external diameters were 
measured. Restenosis and residual stenosis were 
assessed using Doppler frequency shift and colour 
coded B mode ultrasound (Ultramark 9, HDI, 
Advanced Technology Laboratories, Washington). 
Residual stenosis was defined as 50% or greater 
luminal reduction demonstrated on the one day scan, 
whereas, restenosis was defined as 50% or greater 
luminal reduction revealed uring follow-up. 
Data was stored on Dbase 4 (Borland, Scotts Valley) 
and statistical analysis carried out on Statview (Aba- 
cus Concepts, Berkeley) using T test for comparison of 
means, Chi-squared with yates correction to compare 
proportions and log rank test for comparison of life 
tablesJ 3 
Results 
Group 1 consisted of 95 patients, in which 46 
underwent patch repair for an internal carotid diame- 
ter of less than 5mm. Group 2 consisted of 118 patients 
72 of which underwent patch repair, for an internal 
carotid diameter of less than 6mm. The presenting 
symptoms and co-morbid features of the groups were 
similar (Table 1). 
Carotid perioperative dimensions 
Figure 1 illustrates the mean distal internal carotid 
diameters measured with calipers (Duplex measure- 
ments were similar) before and after operation for 
patched and non patched arteries for group 1 and 
group 2. As would be expected from the selective 
policy the mean distal internal carotid diameter is 
significantly smaller before operation in the patched 
carotids of both group 1 and 2 (p < 0.01). The mean 
distal internal carotid diameter was significantly 
decreased by primary closure (p = 0.01) but signifi- 
cantly increased by patching (p = 0.01). Comparison of 
the postoperative diameters achieved by the two 
different selective patching policies (Fig. 1) shows that 
extending patching to larger arteries has resulted in a 
significant increase in the mean postoperative external 
diameter of the distal internal carotid (p<0.001). 
Similar findings also apply to the internal carotid bulb 
diameter. The carotid bulb was significantly smaller in 
the non patched patients (t=3, df= 120, p<0.01), 
significantly decreased by primary repair (t=2.9, 
df= 120, p=0.006) and significantly increased by 
patching (t = 2.1, df = 210, p = 0.04). 
Selective patching and restenosis 
Group i have been under surveillance for a mean of 32 
(range 1-84) months whereas group 2 have been 
followed for a mean of 12 (1-36) months. Duplex 
revealed one occlusion, two residual and nine reste- 
nosis in group 1 compared to one occlusion, three 
residual stenoses and 13 restenoses in group 2. The 
two cases of occlusion occurred within the first week 
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Table 1. Comparison of patients undergoing carotid endarterectomy with selective patch repair 
Patching for ICD<5mm Patching for ICD<6mm 
Patch Non-patch Patch Non-patch 
Number 46 49 72 46 
Mean age (SD) 65.7 (9.2) 68.7 (7) 65.17 (39-84) 68.72 (46-89) 
Sex M:F 31:15 32:17 49:23 37:9 
Presenting symptom: 
TIA 22 23 31 16 
Amaurosis 12 11 12 6 
Transient stroke 1 3 5 3 
Established stroke 4 8 18 17 
Progressing stroke 3 1 3 2 
Crescendo TIA 4 3 3 2 
PMH: 
Ischaemic heart disease 15 17 22 17 
Peripheral vascular disease 18 24 27 16 
Hypertension 25 27 28 23 
Ex-smoker 30 33 49 37 
Present smoker 12 10 15 5 
Diabetes Mellitus 7 4 3 6 
Operation: 
Side R:L 25:21 21:28 34:38 17:29 
Shunt 28 27 48 25 
Postoperative (30d) complications: 
Death 1 2 0 2 
CVA 2 3 0 2 
TIA 7 (1) 1 6 1 
Follow-up (>30d): 
Death 2 7 0 0 
CVA 1 3 0 2 
TIA 2 (1) 2 (2) 3 (1) 1 
¢D O 
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Before operation After operation 
Fig. 1. The effect of a selective patching policy on mean external 
distal carotid diameter as measured by calipers at operation. (m) 
patched group i ([3) non-patched group 1; (@) patched group 2; (O) 
unpatched group 2. * = The mean distal internal carotid iameter is
significantly smaller before operation in the non patched carotid 
arteries (t = 3, df = 210, p < 021. t = The mean distal internal carotid 
diameter is significantly reduced by primary closure (t=2.6, 
df = 210, p = 0.01). :~ = the mean distal internal carotid diameter is 
significantly increased by patching (t = 2.5, df= 210, p = 0.01). § = 
The mean distal internal carotid diameter after operation is 
significantly greater for group 2 (patching less than 6mm) than for 
group 1 (patching less than 5ram). 
of operat ion.  One pat ient  underwent  selective patch 
repai r  of a 99% stenosis and  deve loped a post-  
operat ive  stroke fo l lowing ear ly  thrombosis .  A second 
pat ient  repa i red  by  pr imary  closure deve loped 
asymptomat ic  thrombos is  p icked  up  on the one day  
scan. Of the 27 cases of restenosis  on ly  two pat ients  
have deve loped re lated symptoms,  both  t rans ient  
ischaemic attacks. 
F igures 2 and  3 i l lustrate a life table analys is  of the 
inc idence of 50% or greater  estenosis,  inc lud ing  cases 
of res idua l  stenosis, dur ing  fo l low-up for g roup  i (Fig. 
2) and  group 2 (Fig. 3). For  group 1 patched vessels 
appeared  to do better  w i th  avo idance  of restenosis  in 
86% of patched compared  to 76% of non patched 
arter ies at 24 months ,  though this was  not  s igni f icant ly 
dif ferent (X2 = 0.6; df = 1; p = 0.4). With  the more  recent 
patch ing  pol icy  the results  of patched and  non 
patched vessels  have been more  s imi lar  w i th  avoid-  
ance of restenosis  in 87% of patched and  89% of non 
patched arter ies at 12 months  (X2=0.1, d f= l ;  
p > 0.5). 
Restenosis and gender 
In g roup  1 the ear ly  occlusion, one of the two res idua l  
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Fig. 2. Avoidance of 50% or greater estenosis following carotid 
endarterectomy for group 1 (patch angioplasty for distal internal 
carotid diameter < 5 ram). (ll) patch; (D) non-patch. 
stenoses and five of the nine restenoses occurred in 
females. In group 2 the early occlusion, the three 
residual stenoses and three of the 13 restenoses 
occurred in females. Thus 14 of the total 29 lumen 
reducing events (2 occlusions, 5 residual stenoses and 
22 restenoses) occurred in women (X2 = 3.7, df--1,  
p = 0.07), six of the 14 hav ing received a patch. 
Selective patching and patient outcome 
Early (30 day) outcome (Table 1) In group 1, three 
perioperat ive deaths, five strokes and nine (1 con- 
tralateral) transient ischaemic attacks occurred. TIA 
was significantly more common in the patched 
patients (X2 = 5.02, df = 1, p = 0.025). In group 2, there 
were two fatal perioperat ive strokes and seven TIAs. 
Both strokes occurred in non patched patients. The 
overall 30 day combined death and stroke rate was 
3.3%. There were no cases of patch rupture. 
Late outcome (Table 1, Figs. 4 and 5) In group 1, nine 
further deaths, four further strokes and seven further 
TIAs (3 contralateral) occurred dur ing fol low-up. By 
life table analysis (Fig. 4) 94% of patched patients and 
91% of non-patched patients had avoided stroke at 24 
months.  Survival was 96% for patched and 86% for 
non-patched patients at 24 months.  These differences 
were not significant on log rank test (X2 = 0.6, df = 1, 
p > 0.5; X2 = 1.4, df = 1, p = 0.4). In group 2, two further 
strokes and five (1 contralateral) further TIAs occurred 
dur ing fol low-up. At 12 months,  all patched patients 
and 93% of non-patched patients had survived. None 
of the patched patients compared 4% of the non- 
patched patients had suffered a stroke at 12 months  
(Fig. 5). The differences were non significant on log 
rank test (X2=1.1, d f= l ,  p>0.5;  X2=1.3, d f= l ,  
p = 0.4). Duplex surveil lance did not identify any cases 
of true or false aneurysms fol lowing patch 
angioplasty. 
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Fig. 3. Avoidance of 50% or greater estenosis following carotid 
endarterectomy for group 2 (patch angioplasty for distal internal 
carotid diameter < 6 ram). (ll) patch; (El) non patch. 
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Fig. 4. Stroke following carotid endarterectomy in group 1 (patch 
angioplasty for distal internal carotid < 5ram). (ll) patch; ([Z) non 
patch. 
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Fig. 5. Stroke following carotid endarterectomy for group 2 (patch 
angioplasty for distal internal carotid < 6mm). (11) patch; (IS) non 
patch. 
Discuss ion  
The importance of restenosis following carotid endar- 
terectomy is controversial. Symptomatic restenosis 
occurs in approximately 2-5% of patients. ~4 Asympto- 
matic restenosis much more common with 20-30% 
of patients developing a 50% or greater estenosis 
within 10 years of surgery, is Early restenosis within 
the first year results from myointimal hyperplasia t 
the site of the endarterectomy, whereas, late restenosis 
is as a result of atherosclerosis. 16 Most cases remain 
asymptomatic, but a number of patients with reste- 
nosis do become symptomatic and require repeat 
endarterectomyF Factors known to be important in 
the development of carotid restenosis include smok- 
ing, the female sex, and hyperlipidaemia, is 
Repair techniques following endarterectomy is also 
5 19 important. Both Eikelboom et al. and Ranabado et aI. 
showed in randomised trials that restenosis was more 
common in non-patched carotids. Gonzalez et at. 2° 
found recurrent stenosis was 4.3% for patched and 
24.4% for non-patched arteries at 1 year. The patched 
and non-patched groups in these studies were compa- 
rable with respect o age, gender, atherosclerotic r sk 
factors and need for distal tacking sutures. However, 
carotid dimensions were not considered. 
From this study it appears that restenosis can be 
minimised without patching all patients following 
endarterectomy. Using a selective patching policy it 
has been possible to equalise the rates of restenosis 
while avoiding patching in 39% of patients. It is 
interesting to note that restenosis more common for 
smaller carotid arteries as measured 1 day after 
operation. Given that the smaller vessels are at 
increased risk of restenosis t appears ensible to base 
the selection of patients for patching on carotid 
dimensions. Minimising patching would also appear 
beneficial since patching was associated with an 
increased number of transient ischaemic events in 
group 1. 
Throughout this series of selective patching Dacron 
patches have been used without complications. The 
complications associated with vein patches appear to 
I. 
be greater. Excesswe dilatation and blow out appears 
to be a particular problem. Ricco et al. 2~ found that 
patch rupture occurred in 1.5%, and in 8.7% greater 
than 50% dilation of the vessel occurred. Perioperative 
stroke rates were lower for Dacron patches (2.3 %) than 
vein patches (4.6%). Long term studies were not 
performed. With respect to PTFE patches, post- 
operative bleeding has been a problem. 22 While both 
postoperative bleeding and dilation appear not to be a 
problem with Dacron patches, given our experience of
139 cases in this series. 
In conclusion this study suggests that routine 
patching of larger carotid arteries may not be neces- 
sary, and that selective patching based on distal 
internal carotid diameter can give equivalent results 
for patch and non-patched patients while minimising 
the requirement for patching. To test this conclusion 
definitively would require a further study randomly 
allocating patients with distal internal carotid arteries 
greater than 6mm between patch and non-patching. 
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